Carbon Capture, Utilization and Storage (CCUS) has been regarded as an indispensable, strategic and pressing technology to reduce anthropogenic carbon dioxide emissions, and mitigate the severe consequences of climate change. Its utilization and storage play important roles in this system and they can be applied for oceanic and underground geological sequestration especially for the oil gas reservoir that needs to improve recovery. For the carbon dioxide flooding process, the crude oil displacement generally shows a better performance with the increase of the pressure. However, carbon disposal is always complex. It could encounter organic solid phase precipitation and deposition in near miscibility environment. The law of multiphase and multicomponent diversification in the whole processes is still poorly understood. We thus used the method of slim tube to get dynamic data during the process. Indeed, the interval of near minimum miscibility pressure was determined. Analysis results of injectivity index and productivity index show that the reservoir blockage primarily appears as the displacement pressure is higher than the near minimum miscibility lower limit pressure and plays an important role in the production capacity. Extortionate or low pressure is not conducive to carbon dioxide displacement.
Introduction
Enhanced oil recovery techniques involve reservoir injection of gases, such as 119 Journal of Geoscience and Environment Protection carbon dioxide and light hydrocarbons, among gas injection type medium, carbon dioxide is preferred over hydrocarbon gases because of its high flooding utility, relative lower cost and the potential for accompanying environmental profits through its disposal in the porous media (Gale, 2004; Haszeldine, 2009; Gershenzon, 2015; Dai, 2018) . However, carbon dioxide displacement system brings about several changes of multiphase and multicomponent behavior of reservoir, and often causes organic solid phase deposition that blocks porous media throats and thus decreases reservoir permeability (Shelton & Yarborough, 1977; Stalkup, 1983; Tuttle, 1983; Monger, 1985; Mazzocchi et al., 1998) . The organic solid phase precipitation and deposition, mostly paraffin and asphaltic components, can obviously reduce crude oil recovery and operation benefits. According on statistics of work regions, several reservoir blocks have been eliminated from candidacy for gas injection scheme because of serious organic solid phase troubles (Danesh et al., 1988; Björn, 1995; Srivastava et al., 1999; Newberry & Barker, 2000) .
Little can be done to restore formation damage which caused by organic solid phase deposition. The aim of this study was to explore the law of organic solid phase precipitation and deposition during carbon dioxide displacement process.
Experiment Part
Minimum miscibility pressure (MMP) is a critical parameter in carbon dioxide displacement system which is defined as the smallest pressure where fluid medium achieves miscibility dynamically (Zendehboudi et al., 2013; Zhang et al., 2018) . Rathmell et al. (1971) found that the minimum miscibility pressure grows with volatile fractions. They also concluded that the existence of intermediates (C 2 to C 6 ) reduces the value of minimum miscibility pressure. The slim tube has been used by a lot of scholars in the oil industry as the criterion experiment method for measuring the minimum miscibility pressure. It is usually fine and long in order to permit full occurrence of dynamic miscible process. Flooding in this type of tube approach is nearby the perfect performance. Viscous fingering developing is limited by walls of the tube. It is supposed that fluids are mixed evenly due to small diameter of the tube and tube physical condition is close to homogeneous media.
Follow the experimental test step strictly in slim tube experiment process ( Figure 1 ) and the typical oil samples which were utilized in test were taken from Beibu Gulf offshore oilfield. Finally, the near minimum miscibility pressure interval (that is the displacement pressure when the recovery percent of reserves is in the range of 80% -90%) was determined about 27.23 -30.39 MPa.
Dynamic Observation of Organic Solid Phase
A constant pressure displacement method was used during flooding process.
Under the stable pressure, the change of flow parameters corresponding to the variation of capacities of crude oil and carbon dioxide in slim tubes. The injectivity index and productivity index could be calculated by the injection pressure difference, injection and production volume per unit time. ( )
where I in is injectivity index, mL/(min•MPa); I pro is productivity index, mL/(min·MPa); Δp is injection pressure difference, MPa; Q in is injection volume, mL; Q pro is production volume, mL; t is time, min. Figure 1 shows the relationship between displacement pressure and flooding efficiency of oil sample in the carbon dioxide flooding experiment. The minimum miscibility pressure of oil sample is about 30 MPa. However, carbon dioxide and crude oil may have somewhat miscibility when the displacement pressure is smaller than the minimum miscibility pressure. The injectivity index and the productivity index of oil sample under various carbon dioxide flooding pressures are shown in Figure 2 and Figure 3 . Under low displacement pressure, the injectivity index indicates an increasing trend with the increase of displacement pressure. While the displacement pressure reached 28.52 MPa (reached the near minimum miscibility pressure interval), the injectivity index apparently declined, indicating that the organic solid phase precipitation, deposition, even blocking existed in the model (Figure 2) . The analogous performance is found in the variation trend of productivity index in Figure 3 . Thus, for the test sample, the change occurred in high displacement pressure during the carbon dioxide flooding process. According to the further analysis of the carbon dioxide flooding processes of several samples, lots of them present the change and partial samples exhibit the most severe blockage. It is noted that all the experiments with the behavior possess equal or higher displacement pressure than the near minimum miscibility mean pressure, while for the remaining samples without the change, those pressure values just below the mean value. Therefore, during the carbon dioxide flooding process, the reservoir blockage primarily appears as the displacement pressure is higher than the near minimum miscibility lower limit pressure. However, high pressure environment test result for several samples showing similar final flooding efficiency. Therefore, the blockage is likely to make little impact on carbon dioxide flooding efficiency, but plays an important role in the production capacity. Extortionate or low pressure is not conducive to carbon dioxide displacement. 
Conclusion
Slim tube experiment as the effective method was utilized in the research process to get the dynamic data. Near minimum miscibility pressure interval was determined. The results show that the closer to the miscibility pressure, the greater the organic solid phase precipitation and deposition probability. The displacement pressure reached the near minimum miscibility pressure interval, the injectivity index apparently declined, indicating that the organic solid phase precipitation, deposition, even blocking existed in the model system. The blockage is likely to make little impact on carbon dioxide flooding efficiency, but plays an important role in the production capacity. Controlling the pressure is an important link to prevent the occurrence of blockage in the flooding process. Extortionate or low pressure is not conducive to carbon dioxide displacement.
